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Abstract
Spectral analysis of 1991 wind shear flight data has provided information
about the power spectral density, spectral width, and velocity of ground
clutter detected by. the wind shear radar at several major airports.
Ground clutter must be recognized and separated from weather targets
before wind shear can be computed. Information will be presented
characterizing and comparing ground clutter and weather target spectra.
The information includes: (1)spectral widths of stationary ground clutter
seen at various scan snd tilt angles, (2)power spectral density and
velocity of moving ground clutter relative to the stationary ground
clutter, and (3)spectral widths and velocities of weather targets. The
presentation will also include summary numerical results in the form of
histograms and example numerical results in the form of spectral plots.
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Data Frame and Range Bin Geometry
In the usual mode of operation, the radar antenna scans in azimuth while
keeping a fixed t11t. During the transmission of 128 pulses, the antenna
moves through 0.5 degrees of its scan. Data collected from these
transmltted pulses are called one data frame. Range bins are spherical
shells concentric about the radar. Each bin is 144 meters thick. During
one data frame, 128 samples are collected from each range bin.
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Comparison of Weather and Clutter Doppler Spectral Shapes
After an FFT has been performed on a 1gS-point I,Q voltage time series, a
128-point Doppler" velocity spectrum may be drawn from tile magnitudes of
the results. The spectrum represents power spectral density versus the
detected radial velocities of targets in one range bin. A pulse
repetition frequency of 3755 Hertz yields a velocity Nyqulst interval of
-30 to +30 meters per second. Tile lower plot shows a typical stationary
ground clutter spike, which appears as a tall, pointed peak. "[he upper
plot shows a typical weather spectrum, which looks like a collection of
adjoining peaks in one area of the total spectrum. Moving clutter may
appear as one or more distinct velocity peaks. Clutter may have higher or
lower power spectral density than the weather target.
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The Effect of Velocity _ompensa_ion on Stationary Ground Clutter
The radar receiver compensates in hardware for the apparent motion of the
ground toward the airplane at the center of the antenna beam. For most
range bins, this compensation puts the stationary Eround clutter at the
center of the velocity spectrum, which is zero meters per second. The
velocities of stationary Eround clutter not near the beam center will
appear with an offset from zero, given by the equation at the bottom of
the opposin E page. The spectra shown are from a landing approach to the
Philadelphia Airport. In most cases, stationary ground clutter from the
near range bins, such as bin 6, is too far down on the antenna beam power
pattern to be seen above the noise. However, an occasional very highly
reflective object may appear in the spectrum with a velocity offset. Case
3 shows one of these occurrences.
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Spectral Wldth Versus Scan
An initial look at Denver stationary ground clutter has yielded these
spectral widths estimated by pulse pair processing. The data were taken
from six level flights in clear weather over the Stapleton Airport, each
flight with the antenna set at a different tilt angle. Average spectral
widths were calculated versus scan and tilt angle, using those range blns
where the antenna boresight intersected the ground. Data frames were
excluded if their spectral width was more than 3.5 meters per second,
since higher widths indicated the presence of moving clutter. The plot
shows the width increasing toward the edges of the scan and decreasing as
the antenna is tilted further downward.
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Movin_ Clutter Seen in 30 Seconds of Fli__ht Over Philadelphia:
-3 Degree Tilt, +_30 De__ree Scan'
A moving clutter velocity histogram was produced by counting instances of
moving clutter detected during 30 seconds of level flight over
Philadelphia. In one range bin, each frame was searched for the largest
clutter peak on each side of zero where the power spectral density of the
peak was more than four times the average power spectral density for the
entire frame. A power spectral density histogram was produced by
comparing the power spectral density of each peak to the power spectral
density of the stationary clutter in the same frame. In over 90 per cent
of cases, the moving clutter was less ref]ectlve than the stationary
clutter. In the other I0 per cent of cases, the moving clutter was up to
16 times more reflective than the stationary clutter.
53O
ZI,,,-I
O O
C_
_-t-I
O_ E--
¢.
00
Z_
¢O
Z I
"°
0o_
Z _
O [.T-1
O
O
-,m
ii
m
ii
i
m
ii
_1311n-]9
A_IVN011VIS
m
m
.... i .... i ....
0 _ 0
$39N3_!_!13990 30 %
t'q
0
0 0o
l--
(.p
oO
I,I
>
I--
I
0
7
lI')
c,,i
I
0
1,0
I
O O O O O
O cO I.D _" c'4
O N
Cq T
CO'_"
•--" r_
Or)
13_
_O rl_
.,-- i,I
I--
I--
S39N3_IalqO90 -10 o,,_o
>-
r',,"
04 Z
"-O
I--
.<
N
a0 T
(I)
r-i
i-Y
"_lw
I--
(D
Z
>
OO
O
531
Wind Shear Viewed Alo___ the 0.25-De_ree Azimuth Line
LooklnE alone the 0.25-degree azimuth frame from range bins 10 to 55, we
see weather velocities changlng from near zero meters per second to -7
meters per second to +9 meters per second. Stationary ground clutter is
also present in each bin. Pulse pair processing estimates of mean wind
velocity are biased by stationary clutter velocity if no filtering is
done. Improved wind velocity estimates are obtained by filterlng out the
stationary clutter prior to pulse pair processing. The filtered velocity
map labeled "frm 1054" in the upper right corner shows weather velocities
calculated for the above mentioned range bins in the center of the scan.
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Comparison of Doppler Spectra from Range Bin 55
at Various Azimuth An£1es
Looking at range bln 55 across a series of frames at -2.25 to +3.75
degrees in azimuth, we see weather accompanied by stationary ground
clutter in every frame. Moving clutter appears, grows stronger, and fades
as the antenna scans across a highway. In the filtered velocity map
labeled "frm 142" in the upper right corner, the highway appears as a
series of contrasting recatangular areas in a line down the center of the
scan. Since only stationary clutter was filtered out before calculating
the map velocities, some of the velocity estimates on the map are biased
by the moving clutter. However, the areas of moving clutter are
physically small in comparison to the areas of measurable weather. Thus,
unbiased weather velocitles are readily discernable in large areas of the
map, despite the presence of moving clutter in other areas.
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Spectrum Characteristics of Denver and Philadelphia Ground Clutter and the Problem of
Distinguishing Wind Shear Targets from Moving Clutter
Questions and Answers
Q: Jim Evans (MIT) - One of the imPortant questions in reviewing the ability to reject ground
clutter by filtering is what the base noise of your system is. What is the base noise of the system
you are using in terms of instability residues?
A: Ann Mackenzie (NASA Langley) - You mean the noise of the receiver system?
Q: Jim Evans (MIT) - Well, it has to do with your transmitter system and the amplitude in
phase variations it may apply as it puts out pulses, plus and noise in your local oscillator. What
you will see when you analyze the spectrum, if you just sat on the ground and bounced the signals
off of a nice target, is a big spike at zero velocity and then you will see a noised floor from
anywhere from twenty to fifty or sixty dB down, that is almost flat. It turns out that is one of the
expensive items in trying to build a pulse coherent radar, and it is an important element in terms of
trying to understand the significance of your results. That is why I asked the question; what is the
instability residue of your system? You can not build a system that puts out exactly to a
thousandth of a dB the same pulse amplitude every time it transmits.
A: Brac Bracalente (NASA Langley) - I would like to address that. This is a design that was
provided to us by Collins. All I can tell you is that it has a very stable low noise level. Our noise
sensitivity is down around minus 110 dBZ and we see signals down that low. I can't tell you what
the exact number is, that is something you will have to talk to Collins about. All I know is that it
is a low number.
Q: Jim Evans (MIT) - That is not the fight number. The number I am asking about is signal
dependent noise?
A: Brac Bracalente (NASA Langley) - Are you talking about the clutter noise generated by
jitter phase instability.
Q: Jim Evans (MIT) - Phase and amplitude instabilities either at the transmitter or the receiver.
A: Brac Bracalente (NASA Langley) - I can not give you the exact number on that. All I know
is that it is pretty low. I think it is at a low enough level to not be a problem in the operation of
the system.
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